Introduction
Major histocompatibility complex class II (MHCII) molecules play a central role in the presentation of antigens to CD4 + T lymphocytes during the initiation of the immune response. 1, 2 Constitutive expression of MHCII molecules is restricted to professional antigen presenting cells (APCs), like dendritic cells, macrophages and B-lymphocytes. All other cell types normally lack expression of MHCII molecules, but expression can be induced upon activation, or in an environment rich in inflammatory cytokines. [3] [4] [5] [6] It is well established that the Class II Transactivator (CIITA) is the master regulator of MHCII and accessory gene expression (HLA-DM, invariant chain (Ii) and DO). [7] [8] [9] [10] The expression of MHCII molecules therefore is congruent with the expression of CIITA.
The transcriptional regulation of CIITA is controlled by a multi-promoter region that harbors four independent promoter units each transcribing a unique first exon and which are located within a region upstream of the CIITA gene of approximately 14 kb. 11 Promoters PI and PIII are utilized for the constitutive expression in dendritic cells and B-lymphocytes, respectively. 11-14 Promoter PIV has been shown to be the promoter predominantly involved in IFN -inducible CIITA expression. 11, [15] [16] [17] The function of promoter PII is still poorly understood. Functional analysis of CIITA-PIII showed that a region ranging from position -322 to +124 base pairs (bp), is sufficient to confer B-lymphocyte specific expression of CIITA. 18 Although CIITA-PIII was first designated to be the promoter that controls CIITA expression in B-lymphocytes, today several studies have shown that it is also utilized in dendritic cells, monocytes and activated T cells. 5, 6, 11, 12, 14 revealing hematopoietic lineage expression specificity. These observations suggest that CIITA-PIII can be activated by diverse cell type-specific compilations of transcription factors. However, the specific regulatory elements and interacting factors involved in cell type-specific transactivation of CIITA-PIII are not fully understood. In B cells, in vivo genomic footprint (IVGF) analysis of the CIITAonly.
For personal use at PENN STATE UNIVERSITY on . bloodjournal.hematologylibrary.org From PIII core region revealed protein occupation at several DNA segments i.e. activation response element (ARE) 1 and 2, Site-A, -B and -C. 5, 18 Comparing the IVGF analyses of activated Tand B cells, exposed several differences in footprint patterns at the CIITA-PIII core promoter region, suggesting distinct elements and factors to be involved in its transcriptional regulation. 5, 19 Site-directed mutational studies indicated that ARE-1 and ARE-2 are essential regulatory elements in B and T cell lines. 5, 6, 18, 19 However, the 5'-UTR of CIITA-PIII appeared important for transcriptional activation of CIITA-PIII in B cells compared to T cells. 19 Previously we showed that CREB-1 and ATF-1 play an important role in the activation of CIITA-PIII in B cells. However both factors are ubiquitously expressed which makes it highly unlikely that they confer B cell-specific activation of CIITA-PIII by themselves. Close examination of CIITA-PIII DNA sequence revealed a composite Ets/ISREconsensus element (EICE) in Site-C and two potential E2A-binding sites upstream of Site-C.
Both type of elements have been shown to play important roles in the transcriptional regulation of genes exclusively expressed in B cells i.e. the immunoglobulins (Ig) and CD20. [20] [21] [22] [23] [24] [25] [26] EICEs are coordinately regulated by the transcription factors PU.1 and IRF-4 or IRF-8, which form a ternary complex and synergistically activate transcription. PU.1 is a hematopoietic-specific transcription factor, which belongs to the Ets family of DNA binding proteins and has been shown to be involved in the activation of genes essential for B-cell 
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Similarly to PU.1 and IRF-4, the transcription factors encoded by the E2A gene are known to be essential for B-lymphocyte development. 36 The ubiquitously expressed E2A gene encodes two major proteins, E12 and E47, which are members of the basic helix-loophelix (bHLH) family of transcription factors. Solely B cells can express E47 homodimer complexes, which is due to the absence of other bHLH factors that can interact with E47. 36 B
cell-specific activation is mediated through the high affinity interaction of E47-homodimers with E2A-specific E-box motifs. 36, 37 The absence of E47-homodimers in T cells and monocytes makes this factor a very likely candidate in B cell-specific activation of CIITA-PIII. 36 In addition, many studies have revealed strong transcriptional synergy of E47-homodimers through interaction with PU.1 and/or IRF-4 in B cells. [38] [39] [40] Notably, the transcriptional activation of genes mediated by bHLH proteins is inhibited by Id factors through formation of inactive Id/bHLH heterodimers. 36, 41 In particular, Id1 has been shown to selectively bind to and inhibit the function of one set of bHLH proteins, typified by E12, E47, E2-2, and HEB which results in downregulation of gene transcription controlled by these regulatory proteins. 41 Given the observation of both an EICE and two potential E47 binding sites in CIITA-PIII, we have examined the role of these elements and their interacting factors in the activation of this promoter in B-lymphocytes.
In this report we demonstrate that the EICE and the E-box motifs appear essential for 
MATERIALS AND METHODS

Cell culture and flow cytometric analysis.
The following human cell lines (ATCC) were used in this study: Raji, a human Epstein-Barr virus (EBV) positive Burkitt lymphoma; Ramos, an EBV negative Burkitt lymphoma; Jurkat clone E6-1, an acute T cell leukemia cell line; U937 and THP-1 two monocytic cell lines; U251, a glioma cell line and HeLa, a cervical carcinoma. All cell lines were cultured in Iscove's Modified Reporter and expression plasmids.
The pGL3-CIITA-PIII reporter plasmid (PIIIfl) used in this study encompasses the CIITA-PIII DNA region -545 to +123 ( figure 1A) . 17, 19 Mutations in the Ets-box were introduced into PIIIfl by site-directed mutagenesis using the oligonucleotides CIITA-mut-Ets sense 5'-CAGTCCACAGTATCCTAGTGAAATTA-3' and CIITA-mut-Ets antisense 5'-TAATTTCACTAGGATACTGTGGACTG-3' in an overlapping extension PCR. 42 The mutated CIITA-PIII fragment was cloned into pGL3 basic (Promega, Madison, WI) figure 1A ). PIIIs and derived mutants that lack the most proximal Ebox and in addition harbor an Ets box mutation were generated as follows: First the PstIHindIII PIII fragment of PIIIfl was cloned into pGL3-basic to generate PIIIs. Subsequently we deleted 21 bp including the downstream E-box by digestion with the restriction enzymes KpnI and PvuII to generate PIIIs-DelE. Similar digestions and subcloning experiments were performed with PIII-mut-Ets generating, PIIIs-mut-Ets and PIIIs-mut-Ets-DelE. All plasmids are depicted in Figure 1A and 6A. Id1 coding sequence was amplified from cDNA obtained from U251 cells with the following primers; Id1 sense 5'-AAGCTTCGCCAAGAATCATGAAAGTCGC-3' and Id1 antisense 5'-TCTAGACTCTCCTCGCCAGTGCCTC3'. Subsequently the PCR fragment was cloned into pRC/RSV and its identity was confirmed by sequence analysis.
Transient transfections.
All T and B cell lines were transfected by electroporation (Genepulser; Bio-Rad Laboratories, CA) as described previously and harvested after 48 hours. 19 The monocytic cell lines THP-1 and 
Chromatin immunoprecipitation (ChIP) assay.
ChIP assays were performed as described previously. anti-acetylated H3 (ac-H3) (Upstate Biotechnology, NY). Isolated immune complexes were elaborately washed and subsequently disrupted. DNA samples were precipitated and purified by proteinase K digestion, phenol/chloroform extraction and ethanol precipitation. All samples were dissolved in 40 µl of H 2 O, and 5 µl was used as a template for PCR reactions using primers specific for the CIITA-PIII-and CIITA-PIV-core region as described previously.
RESULTS
Identification of potential B cell-specific regulatory elements in CIITA-PIII.
In order to identify cis-acting elements that contribute to B cell-specific expression of CIITA, we initially inspected the DNA sequence of the CIITA-PIII region -545 to +124 for the presence of potential regulatory elements, which could confer B cell-specific activation.
Scrutiny of the DNA sequence revealed the presence of an EICE in Site-C and two E-box motifs that showed strong homology with E47 binding sites. Both motifs have been shown to play an important role in the activation of B cell-specific genes. [20] [21] [22] [23] [24] [25] [26] DNA sequence comparison of the EICE and E-box motifs of CIITA-PIII with those found in enhancers and promoters of various B cell-specific genes revealed 100% core sequence homologies (Table   1 ).
To evaluate the role for these regulatory motifs in the B cell-specific activation of CIITA-PIII we compared the activity of various CIITA-PIII promoter reporters in B-, T-and monocytic-cell lines. Deletion of a large region including both putative E-box motifs and the EICE from PIIIfl (PIII-151, figure 1A ) resulted in a strong reduction of PIIIfl activity in Raji B cells, whereas in Jurkat T cells only a modest reduction in activity was observed ( Figure   1B ). When we evaluated PIIIfl and PIII-151 activity in the monocytic cell lines THP-1 and U937 again we observed that deletion of both putative E-boxes and the EICE did not affect PIII-151 activity when compared with PIIIfl (data not shown).
To specifically address the contribution of the EICE in CIITA-PIII in transcriptional activation we mutated the core Ets-box in a similar fashion as previously explored for the EICE of the E 2-4 (AGGA TCCT), which resulted in strong downregulation of activity of the E 2-4 enhancer in mouse B cells. 21 Raji and Ramos B cells, Jurkat T cells and THP-1 and U937 monocytic cells were transiently transfected with the PIIIfl luciferase reporter plasmid that harbors the Ets-box mutation in Site-C (PIII-mut-Ets) and the activity of this mutated only.
For personal use at PENN STATE UNIVERSITY on February 21, 2013. bloodjournal.hematologylibrary.org From promoter-reporter was compared to the activity of PIIIfl. As shown in Figure 1C , mutation of the Ets-box of Site-C resulted in a severe reduction of reporter activity in both Raji and Ramos B cells. In contrast, in Jurkat T cells, or in THP-1 and U937 monocytic cells this mutation yielded respectively very moderate or no reduction at all in PIIIfl activity ( Figure 1D and E).
Several CIITA-PIII-reporter plasmids as depicted in Figure 2A were constructed to investigate the contribution of both E-box motifs and possible cooperation with the EICE of Site-C in CIITA-PIII activation. PIIIs was generated from PIIIfl by removal of a large 224 bp Figure 3B, lanes 3-5 and lanes 9-11) . No supershifts were visible using an unrelated STAT-1-specific antibody. Mutation of both the Ets-box and the ISRE in the EICE resulted in loss of all PU.1-(I, II, III, IV) and IRF-specificcomplexes (II and III) as indicated by arrows and gave rise to a complex slightly larger than complex II, which could not be supershifted with any of the mentioned antibodies ( Figure 3B , and data not shown). Likewise, competition with the consensus EICE probe coding for the 3'E -EICE resulted in reduction or loss of all specific complexes, whereas a nonrelated probe
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PIII-CRE had no effect at all (figure 3B). Interaction of PU.1, IRF-4 and IRF-8 with PIII-EICE was also observed using NE derived from THP-1 and U937 (data not shown). As previously explored such complexes cannot be detected in Jurkat T cells or activated T cells (HLA-DR+) established from PBMC. 5 Using a consensus E47-binding site (cons-E-box) and the -473-E-box and -298-E-box of CIITA-PIII as probes, the EMSA confirmed the binding of E47 to both E-box motifs using For Given that HeLa cell can express other bHLH-and Id proteins we used a homodimeric E47 fusion protein, called E47 forced-dimer (E47fd), as described previously to study the function of solely E47-homodimers and exclude effects of E47 heterodimers. Apart from cell type-specific transcription factors, also ubiquitously expressed transcription factors are involved in transcriptional regulation. This is illustrated in the 3'E , which harbors several CREs in addition to the EICE and E2A motifs. 53 Previous studies have
shown that the PU.1/IRF-4 complex bound to the 3'E physically interacts indeed with the more generally expressed CRE binding factors ATF-1 and CREM. 54 These interactions resulted in a synergistically increase in the level of gene transcription and importantly, transcription could not be mediated after mutation of either element. 39, 54 Furthermore E47
only.
For personal use at PENN STATE UNIVERSITY on February 21, 2013. bloodjournal.hematologylibrary.org From and PU.1 interact with the general co-activator CBP revealing an indirect link with the basal transcription apparatus. 55, 56 In this respect, we have shown in a previous study that CIITA-PIII contains several CREs namely in the 5'UTR and in ARE-2 that interact with CREB-1 and ATF-1, which play an important role in the transcriptional activation of CIITA-PIII in B cells. 5, 19 These observations suggest that similar to the 3'E , the PU. 
